Abstract. The aim of the present study was to investigate the expression of thymidylate synthase (TYMS) in the primary foci and metastatic lymph nodes of low-grade glioma, and to analyze the function of TYMS in the lymph node metastases from low-grade glioma. The study included 93 cases of surgically resected and pathologically confirmed low-grade glioma, form patients treated at Huaihe Hospital of Henan University (Kaifeng, China). The following clinical data was obtained from each patient: Gender, age, subjective symptoms (dizziness, headache, a feeling of pressure in the head, etc.), site of disease, tumor type, pathological stage, degree of differentiation and lymph node involvement. The surgically resected gliomas and dissected cervical lymph nodes were immunohistochemically stained, and DNA was extracted from the tumor and lymph node tissues samples for polymerase chain reaction sequencing and amplification. The expression of TYMS in the primary foci and metastatic lymph nodes of low-grade glioma was examined. Additionally, the association between pathological features and the postoperative survival rate of the patients was analyzed. The primary lesions of all 93 cases exhibited positive TYMS expression and 43/157 (27.39%) lymph nodes exhibited positive TYMS expression. Factors that significantly influenced the postoperative survival rate of the patients, included the metastasis of the cervical lymph nodes (P<0.01), the number of dissected cervical lymph nodes (P<0.01) and the degree of differentiation (P<0.05). The metastasis of the cervical lymph nodes was the only independent risk factor affecting postoperative disease-free survival. The risk of recurrence in patients with metastasis of the cervical lymph nodes was 6.3-fold higher than in those without metastasis (P<0.01). Thus, the results of the present study provide a theoretical basis for accurately predicting the prognosis of patients with low-grade malignant brain glioma, reducing the conjecture involved in selecting postoperative treatment strategies and improving therapeutic efficacy.
Introduction
Brain glioma, which originates from neuroglia cells, is the most common type of intracranial tumor, accounting for ~45% of all cases. Worldwide, 20-50 million individuals succumb due to malignant glioma each year (1) . While, in recent years, with the development of diagnostic instruments and numerous novel antitumor agents, the efficacy of glioma treatment has greatly improved, it remains unsatisfactory (2) . A previous study reported that, even when patients with low-grade glioma are considered cured by surgery, 45% later succumbed, due to recurrence or metastasis of glioma within 2 years (3). This indicates that certain patients with low-grade gliomas that are considered to be completely resected, may have developed micrometastases prior to surgery (4) . Often, the micrometastases cannot be located using conventional methods, such as imaging and histopathology, particularly in low-grade tumors. Therefore, investigation into the micrometastasis of low-grade glioma is important for improving the treatment and prognosis of patients with glioma (5) .
The thymidylate synthase (TYMS) gene is a malignant tumor marker that was demonstrated to have high sensitivity and specificity for malignant metastasis in low-grade glioma (6) . The present study detected the expression levels of the TYMS gene in low-grade malignant glioma tissues and adjacent lymph nodes, using immunohistochemical analysis. The current study aimed to provide novel recommendations for diagnosis, disease evaluation, treatment strategies and prognosis of low-grade malignant glioma, by exploring the association between TYMS gene expression in the primary foci and metastatic lymph nodes of low-grade malignant glioma, and to analyze the function of TYMS in the lymph node metastases of low-grade glioma.
Patients and methods
Patients. The present study included 93 patients with surgically resected and pathologically confirmed low-grade malignant glioma, who were treated at Huaihe Hospital of Henan University (Kaifeng, China) between July 2009 and January 2014. The following clinical data was obtained from each patient: Gender, age, subjective symptoms (dizziness,
Expression of TYMS in lymph node metastasis from low-grade glioma
headache, a feeling of pressure in the head, etc.), disease site, tumor type, pathological stage, degree of differentiation and lymph node involvement. According to the 2007 World Health Organization (WHO) classification (7), glioma is classified into four grades with respect to the malignancy of the glioma. Grade I glioma is pilocytic astrocytoma; grade II is low-grade malignant glioma; grade III is anaplastic astrocytoma; and grade IV is glioblastoma multiforme. WHO has also classified glioma as low-grade glioma, including general pathological classification of glioma grades I-II, and high-grade glioma, including grades III and IV glioma. Following treatment, the survival rate for patients with grade I or II glioma is good, with patients typically surviving a number of years.
The Immunohistochemistry. The surgically resected glioma specimens (n=93) and dissected cervical lymph nodes (n=157) were resected from the middle of the tissue in the longitudinal direction. These 250 samples were randomly marked by Arabic numerals from 1-250. The marked sample was resected from the middle of the tissue in the longitudinal direction and was further marked by A or B (e.g., 1A, 1B; 250A, 250B). Specimen A or B from the 250 samples was then randomly selected for pathological analysis.
The resected glioma specimens were formalin-fixed, paraffin-embedded and sliced into 4-µm serial sections. The sections were dewaxed, hydrated and flushed with phosphate-buffered saline (PBS). Subsequently, polymer enhancer (Wuhan Boster Biological Technology, Ltd., Wuhan, China) and mouse anti-human TYMS monoclonal antibody (catalog no. CAB-4990MH; Creative BioMart, Shirley, NY, USA; dilution, 1:200) were applied. The sections were then incubated at room temperature for 1 h and washed with PBS. The secondary antibody was HRP-conjugated goat anti-mouse polyclonal antibody (catalog no. ab97023; Abcam, Cambridge, UK; dilution, 1:500). The sections were then incubated again at room temperature for 1 h. Finally, diaminobenzidine chromogenic liquid (Daan Gene Co., Ltd.) was added. Following hematoxylin staining, the slices were sealed with neutral resin and the coloring process was performed using the immunohistochemical surfactant protein A method, according to the manufacturer's instructions (Beijing Dingguo Biotechnology Co. Ltd., Beijing, China). Positive and negative immunohistochemical controls were used for comparison, with PBS buffer solution used in place of the TYMS antibody as the negative control. Subsequent to specimen processing, the expression of TYMS in the glioma tissue and adjacent cervical lymph nodes was observed under a BX51 microscope (Olympus Corporation, Tokyo, Japan).
Polymerase chain reaction (PCR) and reverse transcription-quantitative PCR (RT-qPCR).
A MagNA Lyser Instrument (Roche Diagnostics, Basel, Switzerland) was used to homogenate the other half of the 157 lymph nodes and allow DNA extraction. A DNA sample (1 µg) was selected for quality evaluation and concentration detection using a NanoDrop 2000 concentration detector (Thermo Fisher Scientific, Inc., Rockford, IL, USA). The samples were diluted to a working concentration of 20-40 ng/µl and the TYMS gene was amplified by PCR with the following primers: TYMS forward, 5'-GGTATTGAGACAGACAGTGc-3'; TYMS reverse, 5'-CATGGGATCTGTTTCTTTGC-3'; β-actin (control) forward, 5'-GCGGGAAATCGTGCGTGAC-3'; and β-actin reverse, 5'-CGTCATACTCCTGCTTGCTG-3'. The primers were synthezised by Sangon Biotechnology Co. (Shanghai, China). Real-time quantitative PCR was performed using a SYBR Premix EX TaqTM kit (TaKaRa, Dalian, China), according to manufacturer's instructions. The PCR cycling conditions consisted of 95˚C for 30 s followed by 35 cycles of denaturation at 95˚C for 3 s and annealing at 60˚C for 30 s, extension at 72˚C for 1 min, and final extension at 72˚C for 5 min. The standard curve was then constructed, and the results were quantified using the 2 -ΔΔCt method. The PCR products were purified and sequenced using an ABI 3130XL sequencer (Applied Biosystems, Foster City, CA, USA). In addition, the expression of TYMS mRNA in the lymph nodes was determined by performing RT-qPCR. The expression of the TYMS gene, as assessed by RT-qPCR, was used as marker with which to identify lymph node metastases. The associations between TYMS gene expression, and lymph node metastasis, clinical and pathological factors, postoperative survival and disease-free survival were also analyzed.
Evaluation criteria. Positive expression of the TYMS gene was defined as the observation of brown granules in the cytomembrane and/or cytoplasm. The intensity of the expression was determined by performing 10 high-magnification observations for every slice, and applying a semi-quantitative integral analysis method, according to the color intensity and percentage of positively stained cells. Staining intensity was quantified according to the number of the positive cells, as follows: <5% positive cells, 0 points; 6-25% positive cells, 1 point; 25-50% positive cells, 2 points; 51-75% positive cells, 3 points; and >75% positive cells, 4 points. The color intensity criterion was as follows: Dark brown, 3 points; light brown, 2 points; and light yellow, 1 point. Points from the two subcriteria were combined and the following overall scores were determined: 6-7 points, strong positive (+++); 4-5 points, moderate positive (++); 2-3 points, weak positive (+); and 0-1 points, negative (-) (8) .
Association between the expression of TYMS and relevant factors in patients with glioma. In accordance with a previous study (9) , data on gender, age, subjective symptoms, disease site, tumor type, pathological stage, degree of differentiation and metastasis of the lymph nodes were collected from all current patients exhibiting low-grade malignant brain glioma. The present study used statistics to analyze the association between lymph node metastasis and these factors.
Statistical analysis. Statistical analysis was performed using SPSS software (version 14.0; SPSS Inc., Chicago, IL, USA). Each parameter was split into two categories, which were compared by performing a t-test. The associations between lymph node metastasis of low-grade primary malignant glioma tumors and other factors were analyzed using logistic regression analysis. Furthermore, the expression of the TYMS gene and the postoperative survival rate were analyzed using Kaplan-Meier survival analysis, and independent risk factors were analysis using Cox regression analysis. P<0.05 was considered to indicate a statistically significant difference.
Results

TYMS protein expression and lymph node metastasis.
In the 15 patients with benign brain tumors, TYMS protein expression was negative in all cervical lymph nodes examined. However, for the 93 patients with low-grade malignant glioma, TYMS protein expression was positive in all primary lesions (100%) and in 43/157 (27.93%) lymph nodes, as indicated in Fig. 1 .
Analysis of the postoperative overall survival rate.
Relevant clinical factors and lymph node metastasis were analyzed using Kaplan-Meier survival analysis. The results indicated that cervical lymph node metastasis (P<0.01), the number of dissected cervical lymph nodes (P<0.05) and the degree of differentiation (P<0.05) were significant factors influencing postoperative survival. However, gender, age, subjective symptoms, disease site, tumor type and pathological stage exhibited a limited association with the survival rate of the patients (Table I) .
Additional analysis of the association between metastases to cervical lymph nodes and the postoperative survival rate, identified that the survival rate of patients with cervical lymph node metastasis was 6.3-fold higher than in those without cervical lymph node metastasis (P<0.01; data not shown). Furthermore, the greater the number of lymph nodes dissected, the higher the patient mortality.
Analysis of the postoperative disease-free survival rate. The same method was applied in order to analyze the factors associated the postoperative disease-free survival rate. The following factors were demonstrated to be significantly correlated with disease-free survival, using Kaplan-Meier survival analysis: Metastasis to the cervical lymph nodes (P<0.01), the number of dissected cervical lymph nodes (P<0.05), the degree of differentiation (P<0.05) and the presence of subjective symptoms (P<0.05; Table II ). Additional analysis of the association between metastases to the cervical lymph nodes and postoperative disease-free survival, demonstrated that the mortality of patients with metastasis to the cervical lymph 
Independent risk factors affecting the postoperative disease-free survival rate.
The following factors were substituted into the Cox regression analysis: Gender, age, disease site, tumor type, pathological stage, lymph node metastasis, cervical lymph node metastasis and number of dissected lymph nodes. The results indicated that metastasis to the cervical lymph nodes was the only independent risk factor affecting postoperative disease-free survival. The risk of recurrence in patients with metastasis to the cervical lymph nodes was 7.3-fold higher than that in those without metastasis (P<0.01; data not shown).
Follow-up. The patient was followed-up for 3-65 months until December 2013, with a median follow-up time of 37 months. A total of 93 patients dropped out of the follow-up process, resulting in a dropout rate of 5.38%. It was noted that 28 patients (30.11%) did not exhibit recurrence or metastasis until after the follow-up process had ended; 9 patients (9.68%) experienced recurrence or metastasis, but remained alive; and 51 patients (54.84%) succumbed due to disease progression during the follow-up period.
Discussion
Brain glioma is a tumor type that continues to be associated with a poor prognosis. It is well known that the likelihood of curing glioma is closely associated with disease stage, in addition to the methods of diagnosis and treatment. Early detection is critical to improving the therapeutic effect and increasing the survival of patients with glioma (10) . In recent years, with the development of novel medical technologies, the early diagnosis and rate of successful treatment of low-grade malignant glioma have significantly improved. However, the overall survival rate of patients with glioma remains unsatisfactory. Therefore, there has been increased interest in improving the therapeutic response of glioma, particularly malignant glioma. In addition, the molecular mechanism underlying the Table II . Association between postoperative disease-free survival rate and other factors in patients with low-grade malignant glioma. Table I . Association between postoperative overall survival rate and other factors in patients with low-grade malignant glioma. pathogenesis of glioma, as well as novel therapeutic approaches for glioma, have been explored in recent years (11) . A previous clinical study demonstrated that the same type of glioma exhibited significant differences in treatment effect, prognosis, invasion, recurrence and metastasis (12) . In the current study, molecular biology and immunohistochemistry technologies were employed to explore the role of TYMS genes in gliomas, which may provide valuable guidance for future treatment and prognosis evaluation.
Category --------------------------------------------------------------------------------------------
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The 5-year survival rate of patients with low-grade malignant glioma is not satisfactory, possibly due to micrometastasis to lymph nodes, blood or bone marrow (13) . These micrometastatic deposits may be a major cause of recurrence in glioma. Micrometastases are difficult to detect using conventional methods, such as imaging and clinical pathology (14) . The malignant tumor cells of micrometastatic deposits may spread and survive in the lymphatic circulatory system, blood, bone marrow, various tissues and organs, resulting in numerous relevant clinical manifestations (15) .
A number of preliminary studies have demonstrated that differences in treatment effect, prognosis, invasion, recurrence and metastasis among the same pathological type of glioma may be caused by differences in the expression levels of specific genes. Therefore, it is important to detect any changes in such genes and associated proteins, using molecular biology and immunohistochemical techniques (16, 17) . Clinically, optimal and individualized treatment regimes may be designed for each individual patient with glioma, according to the results of genetic tests, clinical data, surgery, pathological analysis and diagnosis (18) . Certain studies have demonstrated that TYMS has high specificity and sensitivity in detecting low-grade malignant metastasis of glioma. TYMS may be specifically expressed in glioma tissues, while is not expressed in normal lymph nodes, indicating that TYMS may be useful as a marker with which to identify lymph node metastasis. Therefore, detecting TYMS expression in low-grade malignant lymph node metastases of glioma may enable a more accurate determination of prognosis in patients with glioma (19) .
The TYMS gene is located on the short arm of chromosome 18 and encodes TYMS, a key enzyme involved in DNA synthesis. TYMS is important for DNA synthesis and repair, and is critical in folate metabolism circulation. TYMS is also currently an important target enzyme in clinical chemotherapy based on 5-fluorouracil (5-FU) (20) . Metabolites of 5-fluorodeoxyuridine monophosphate bind to TYMS, blocking the function of TYMS and thereby inhibiting DNA synthesis. Numerous clinical studies in colorectal, lung, breast, head and neck squamous cell carcinoma, as well as other types of tumor, have identified that TYMS mRNA expression levels are closely associated with the effects of 5-FU-based chemotherapy. In addition, TYMS has an important role in the individualized treatment of glioma, as its presence helps to predict patient sensitivity to radiotherapy and chemotherapy. Previous clinical studies have demonstrated that patients with low levels of TYMS mRNA expression exhibit good responses to 5-FU chemotherapy (21, 22) . By contrast, patients with high TYMS expression exhibit poor responses to fluoride chemotherapy. Furthermore, a previous study identified that the efficacy of pemetrexed, a novel antifolate agent, was negatively correlated with the expression level of TYMS mRNA (23) .
In the present study, data regarding gender, age, subjective symptoms, disease site, tumor type, degree of differentiation, metastasis to cervical lymph nodes and the number of dissected lymph nodes, were collected from patients with low-grade malignant brain glioma. It was identified that lymph node metastasis with TYMS mRNA expression had no significant correlation with gender, age, smoking, pathological type and pathological grade. However, lymph node metastasis was closely associated with the number of dissected lymph nodes and the degree of differentiation. Following metastasis to neck lymph nodes, prognosis is poor and the postoperative survival time is short. The greater the number of dissected lymph nodes, the lower the relative probability of tumor metastasis and recurrence following surgery. In addition, the lower the degree of tumor differentiation, the higher the degree of malignancy, the poorer the prognosis, and the shorter the postoperative survival time.
Following clarification of the associated risk factors, the present study analyzed the association between the aforementioned factors and disease-free survival of postoperative patients. The results of the Kaplan-Meier survival analysis indicated that the factors affecting postoperative survival included cervical lymph node metastasis, the number of lymph nodes dissected and the degree of differentiation (P<0.05). Additional analysis of the association between disease-free survival and lymph node metastasis of the neck, identified that the risk of mortality was 28.4-fold higher in patients with cervical lymph node metastasis compared with those without cervical lymph node metastasis (P<0.01).
Although the sensitivity of RT-qPCR technology is significantly greater than that of routine pathological examination, the process of metastasis of low-grade malignant glial neoplasm is complex and its underlying mechanisms remain unclear. Furthermore, detection of abnormal expression of TYMS will not identify every lymph node metastasis. Therefore, additional investigation of the molecular mechanism underlying lymph node metastasis is required, in order to provide a theoretical basis and empirical evidence for the accurate staging of low-grade malignant glioma, as well as informing multidisciplinary treatment strategies for postoperative patients (24) .
Due to the unique nature and diversity of gliomas, the implementation of individualized therapy and targeted drug treatment is the optimal clinical treatment strategy for clinicians and patients (25) . Adjuvant therapies applied prior to surgery to patients with low-grade malignant glioma, may reduce tumor size and decrease tumor stage, allowing certain patients with locally advanced disease to undergo surgical treatment. Detection of lymph node metastasis provides a basis for more accurate staging of low-grade malignant glioma and guides treatment selection (26) . In the present study, the association between TYMS gene expression and the prognosis of patients with low-grade malignant glioma was investigated by detecting the expression of the TYMS gene in primary tumors and adjacent lymph nodes. The results of the present study may facilitate the accurate prediction of the prognosis of patients with low-grade malignant brain glioma, lowering invasive intervention, reducing the conjecture involved in selecting postoperative treatment strategies and improve therapeutic efficacy (27) .
The association between TYMS expression, and highly malignant glioma and lymph nodes metastasis has been investigated in previous studies. However, to the best of our knowledge, studies analyzing the correlation between these factors are absent from the literature. The present study observed the expression of TYMS in low-grade malignant glioma tissue and adjacent lymph nodes, and analyzed the correlation between TYMS expression, and low-grade malignant glioma, lymph node metastasis, clinicopathological factors and postoperative survival rate. These results may be useful in guiding the clinical diagnosis, evaluations, treatment and prognosis of patients with low-grade malignant glioma. Due to the abnormal expression of TYMS in the lymph nodes adjacent to the low-grade malignant glioma, TYMS expression is hypothesized to be an indicator of lymph node metastasis. The present study demonstrated that TYMS expression is significantly correlated with overall and disease-free survival of patients with low-grade malignant glioma. Therefore, certain high-risk patient subgroups may be identifiable by detection of abnormal TYMS expression in lymph nodes adjacent to the low-grade malignant brain glioma lesion. In addition, this data may facilitate the accurate staging of disease, allowing certain patients with low-grade malignant brain glioma micrometastases to be more easily identified and, thus, to undergo earlier intervention. Future studies should determine the most comprehensive treatment strategy for low-grade malignant brain glioma with lymph node metastasis in order to improve the long-term survival rates of such patients.
